SUMMARY 34 newborn infants who had been bathed in a standard manner with Hibiscrub* were studied to find out whether it was absorbed percutaneously. Low levels of chlorhexidine were found in the blood of all 10 babies sampled by heel prick, and 5 of 24 from whom venous blood was taken. The detection of chlorhexidine varied greatly with the method and timing of sampling, and no correlation was found between gestational or postnatal age and chlorhexidine levels.
Antiseptic substances have been applied to the skin and umbilical cord stumps of newborn babies for many years with a view to controlling bacterial colonisation and reducing the prevalence of neonatal infection (Farquarson et al., 1952; Williams and Oliver, 1969; Evans et al., 1970; Gezon et al., 1973; Dankert et al., 1977; Fares et al., 1977; Wald et al., 1977) . Hexachlorophane, a phenolic derivative effective against Gram-positive organisms, has been the most widely used. This substance is now known to be absorbed through the intact skin, particularly in preterm infants (Curley et al., 1971; Powell et al., 1973; Tyrala et al., 1977) . It has also been recovered from the brains of such babies, where it has been associated with a spongioform myelinopathy (Powell et al., 1973; Shuman et al., 1974 Shuman et al., , 1975 . This has led to restriction in its use, particularly in infants of very low birthweights. Chlorhexidine, effective against Gram-positive and some Gram-negative bacteria (Lowbury et al., 1964 (Lowbury et al., , 1974 , appeared to be an appropriate substitute. It is not absorbed in any significant amounts from the hands of adults, even after prolonged use (Case et al., 1976) . As the skin of immature infants is known to be unusually permeable, this study was undertaken to determine the extent, if any, of chlorhexidine absorption. The gestational ages of the infants were calculated using the mothers' last menstrual periods and checked by a neurological and morphological scoring method (Dubowitz et al., 1970) . The 34 infants were divided into three groups.
Group 1 (10 infants). Blood samples were taken by heel prick at varying times after the first bath. Details of sexes, birthweights, gestational and postnatal ages are shown in Table 1 .
Group 2 (7 infants). Samples were taken by venepuncture 4 hours after the first bath in case any measurable chlorhexidine in group 1 infants merely reflected adsorption of chlorhexidine on to the skin. Clinical details are shown in Table 2 .
Group 3 (17 infants). Venous samples were withdrawn 12 hours after bathing and at weekly intervals if possible. These infants were studied to see if accumulation occurred and to attempt to see whether there was any correlation between gestational and postnatal ages and chlorhexidine blood levels. Details are shown in Table 3 .
Results
Chlorhexidine was found in samples of blood taken from all 10 preterm infants in group 1 (Table 1) . It was not realised, at this stage, that chlorhexidine is so strongly adsorbed on to the skin surface that it was not removed by the alcohol wash, so these results were almost certainly due to contamination of the sample by residual chlorhexidine on the skin. Where the concentrations were estimated as being negative these are shown as zero in the table.
Unlike the heel prick results, those recorded in venous samples were near the limits of detection of the assay and, therefore, some of the positive values could have been due to chance. Those that are considered to be significantly different from zero, based on the 95 % confidence limits, are marked with an asterisk in the Tables and will be referred to as being significant in the following remarks.
While venous samples from infants in group 2 appeared positive in 6 of the 7 babies ( When the results from the 17 infants from group 3 were analysed, only 2 significant positives were found. The percentage of significant positives was thus reduced from 95 % in group 1, to 50 % in group 2, and 5 % in group 3. This would tend to confirm that at least some of the results in group 1 were owing to topical contamination with chlorhexidine. However, the only difference between group 2 (7 babies) and group 3 (17 babies) was that the samples were taken 4 hours after bathing in group 2 and 12 hours in group 3. It was not possible to detect any correlation between gestational-postnatal age and chlorhexidine levels in these groups, nor was there any tendency to accumulate the substance.
No unusual effects which could be attributed to chlorhexidine absorption were noted.
Discussion
This study was undertaken to ascertain whether chlorhexidine was absorbed through the intact skin of the newborn. It was prompted because hexachlorophane was in use as a bacteriostatic agent for more than 20 years before it was found to be absorbed (Curley et al., 1971) , and to be associated with spongioform lesions in the brains of monkeys and preterm babies bathed in it (Hart, 1971 , cited by Lockhart, 1972 Powell et al., 1973) . The studies on hexachlorophane which led to these conclusions were undertaken when it was proposed to use hexachlorophane as a fungicide on fruit and vegetables.
The results reported from our survey show that chlorhexidine is detectable in the blood of some preterm and term infants after whole body bathing. Although there were more positive results in preterm babies, these were too few for statistical analysis. Percutaneous chlorhexidine absorption would not be surprising as many other substances are absorbed in this way, particularly in the neonatal period. These include hydrocortisone, trichlorocarbanilide, pentachlorophenol, and, of course, hexachlorophane (Fisch et al., 1963; Feinblatt et al., 1966; Armstrong et al., 1969; Robson et al., 1969) . Nachman and Esterly (1971) demonstrated skin blanching with phenylephrine hydrochloride 10 % in preterm but not term babies, thus confirming increased permeability in the immature. As any substance to which newborn skin is exposed may be absorbed to some extent it is a question of balancing its value against potential risks. There are differing views on the effectiveness of, or even the necessity for, topically applied antibacterial substances in newborn babies (Forfar et al., 1968; Evans et al., 1970; Gezon et al., 1973; Light and Sutherland, 1973 ; American Academy of Pediatrics Committee on Fetus and Newborn, 1974; British Medical Journal, 1977; Dankert et al., 1977) , but it is beyond the scope of this paper to review opinions on this controversial subject.
There are no reports yet of any tissue toxicity due to chlorhexidine, but necropsy studies have not been made. Despite the extensive use of chlorhexidine in obstetrics, ear, nose, and throat surgery, in dentistry, and as a preoperative disinfectant, the only adverse reactions reported in adults have been associated with direct instillation into the middle ear, where in common with other antiseptics, it causes deafness. However, adults absorb virtually no chlorhexidine from the skin, even after prolonged use (Winrow et al., 1973) . Newborn rhesus monkeys bathed daily with chlorhexidine digluconate showed no clinical evidence of toxicity (Case et al., 1976) . Rats given chlorhexidine in their drinking water for 2 years showed no ill effects in life or at necropsy although there were easily detectable levels of chlorhexidine in the liver and kidney (Case et al., 1976) . It has been shown to cause concentration-dependent precipitation of rat liver microsomal protein, probably due to RNA binding and possibly to membrane binding too; and it binds rat liver microsomes affecting various enzyme systems in them (Christensen and Jensen, 1974; Christensen et al., 1975) . These effects were noted on subcellular fractions exposed directly to high concentrations of chlorhexidine, and all were thought to be related to the cationic amphipathic nature of chlorhexidine. Pharmacologically chlorhexidine is a biguanide, and the related substances phenformin and metoformin exert their metabolic effects by inhibiting fatty acid oxidation at toxic doses; they also inhibit oxidative phosphorylation (Muntoni, 1974) .
With regard to the prime object of this study which was to demonstrate whether chlorhexidine is absorbed from the skin of newborn infants, the possibility of its adsorption to skin makes interpretation of results from heel prick samples inconclusive. When blood was obtained by venepuncture, however, small amounts of chlorhexidine were found in the blood of a few babies tested. Some of the most immature infants in this study were several weeks old when first bathed with chlorhexidine, so their skin permeability would already be less than at birth. Should further work be undertaken, sampling technique and postnatal age at exposure must be taken into account, and the use of chlorhexidine in obstetric units remembered. 
